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The previous papers on dispersal in Drosophila were mainly discussed on flight curves (Dobzhansky and Wright 1943; Pavan et al. 1950; McCoy 1962; Glick and Noble 1961) and distance which flies flew (TimofeeffRessovsky and Timofeeff-Ressovsky 1940; Wright 1943, 1947; Dubinin and Tiniakov 1946) . However, these results could not explain how dispersal contribute to the genetic change of populations.
In order to attack the problem the first step to be solved is what kind of individuals move from the population, the superior individuals or less fit ones to the environmental condition of the population where they live.
In the series of experiment on migration with Drosophila melanogaster (Narise 1968 (Narise , 1969 it was revealed that the migratory activity of vestigial flies was accelerated by coexistence with wild strain indicating the frequent migration of vestigial ones in comparison with wild type flies. As wild type flies generally have higher fitness than vestigial flies, it is speculated from the result that in a population the superior individuals to the environmental condition dominate in the population and less fit ones migrate to other places. Therefore, an experiment was conducted to inquire into the relation between dispersive activity and fitness with six strains of Drosophila melanogaster.
MATERIALS AND METHODS
The strains of Drosophila melanogaster used in the experiment were a wild strain (MS-1) obtained from Dr. Lewontin in 1965, and five mutant strains: cn bw, se, ss, ssa and wa. Among them cn bw and se strains had relatively higher dispersive activity, while ssa had lower activity in the pure condition under which a single strain was used. The other three had intermediate one. Since these six strains were kept in vials separately as a laboratory stock for long time, the flies in a strain were rather homogeneous genetically.
1) The dispersive activity' of a strain in the pure and the mixed condition In order to study the dispersive activity of flies, six kinds of pure and fifteen of 1) In previous papers (Narise 1966 (Narise , 1968 (Narise , 1969 , I used the words, "Migration" and "Migratory activity".
According to Johnson (1969) , the flow in Drosophila was classified as dispersal. Therefore, "dispersal"
and "dispersive activity" were used instead of "migration" and "migratory activity" in this paper. mixed condition were employed, and the activity of a strain in the pure as well as in the mixed culture was examined using fifty pairs of flies. In the pure condition, 100 flies of a strain were introduced into a migration-tube (original tube) (see Sakai et al. 1958) , and kept in the tube for 24 hours.
Then, three new tubes with fresh food were connected to it and dispersal was allowed to take place for six hours in a dark room at 25° ±0.5°C.
After that period of time, the number of moved flies was counted. In mixed condition, fifty pairs, twenty five of each of two strains, were introduced into the original tube simultaneously, and other experimental procedures were the same as those in the pure condition.
Moved flies of the two strains to connected tubes were scored separately.
The dispersive activity of a strain is calculated as the per cent of the originally introduced flies of the strain now found in the three connected tubes in the pure as well as the mixed condition.
Ten replications were made for each experiment.
Used flies were one to two days old, and sex ratio in the pure and the mixed condition was 50 to 50.
2) The experiment to measure fitness Six components of fitness employed in this experiment were as follows: a) the total number of eggs layed, b) the number of flies emerged, c) the duration of egg-laying (days), d) longevity, e) number of days to maturity (the number of days from emergence to the day of first egg laying) and f) percentage of emerged flies from total eggs tested.
Fifty pairs of young flies (three to four hours old) were chosen at random in each strain, and placed in vials, one pair per vial. The flies were transferred to a new vial every day until flies died and the number of layed eggs as well as emerged flies were counted.
The experiment was conducted at 25° ±0.5°C, and food used in both experiments was the dry yeast-sugar-agar medium.
EXPERIMENTAL RESULTS 1) Dispersive activities in the pure and the mixed culture condition The dispersive activities of these six strains in the pure and the mixed condition are presented in Table 1 . The activity of MS-1 strain in pure condition was 10.3 %. The activity, however, decreased when mixed with cn bw, wa and se strains (6.8%, 7.6% and 7.2%, respectively), while it increased due to mixing with ssa as well as ss strain The increase or decrease of the activity of a strain depends on the opponent strain in the mixed culture.
The same tendency was found in ss and ssa strains.
The cn bw strain, however, showed a reduction of the activity due to mixing with other strains except wa, while the activity of se strain was accelerated by mixture with others.
An analysis of variance on dispersive activity was made, and the result was shown in Table 2 . From the experiment, activities in the pure and in the mixed conditions for the each of the six strains were obtained. Therefore, the degree of freedom in the "Between strains within condition" was 10. Furthermore, the degree of freedom of "strain by strain interaction" (difference among activities which a strain showed in five different mixed conditions) was 24, since a strain was mixed with five different strains separately. From the result, it is found that there are significant differences among strains within condition, and strain by strain interaction.
This last fact can be taken to mean that the dispersive behavior of a strain is influenced by other strains which have different genetic make-up. Table 3 also shows the dispersive activities in the pure condition (B), the average dispersive activities in the mixed condition (A) and the A/B ratio for each strains.
If the A/B ratio (see Narise 1969) of a strain is near to unity, it means that the strain is not much affected by other strains. As seen in Table 3 , cn bw, wa and se strains were strongly influenced by other strains.
2) The component of fitness The mean and the standard deviation of the six fitness components in each strains were presented in Table 4 . In this experiment, one pair of se strain and three pairs of wa layed no eggs. In addition, two pairs of se and one pair of cn bw layed eggs, but no flies emerged.
The result of analysis of variance on each fitness component is shown in Table 5 . From Table 5 , it is suggested that each component of fitness is Table 4 , the higher reproductivity, the shorter longevity and the shorter duration of egg laying are observed.
There is also the tendency that the number of eggs layed is positively correlated with the number of emerged flies, and negatively with the longevity.
3) The correlation between dispersive activity and fitness Three kinds of correlations were examined using dispersive activities of six strains and the fitness values.
One of them was correlation between dispersive activity in the pure condition and fitness. The second one was correlation between average dispersive activity in the mixed condition and fitness, and the third one was correlation between A/B ratio and fitness.
For example, in order to calculate the correlation coefficient between dispersive activity in the pure condition and number of egg layed, the dispersive activities of each strains in the pure condition (see Table 3 ) and the number of eggs layed in those strains (see Table 4 ) were used. The correlation coefficients are presented in Table 6 . As seen in Table 6 , the duration of egg laying was significantly correlated with the dispersive activity in the pure condition, as was percentage of emerged flies with the average dispersive activity in the mixed condition and number of eggs layed with the A/B ratio. It is also found that the correlation coefficients in each component of fitness are consistent in sign. From the result it can be said that in general fecundity and viability are both negatively related to dispersive tendency, while development time such as duration of egg laying and longevity is positively related. Thus, lower fitness does indeed mean a great rate of dispersion, especially in the mixed condition.
DISCUSSION
The experiment was carried out to examine the dispersive behavior of flies in the pure and the mixed condition, and the relationship between dispersive behavior and fitness.
These were considerably important to study the change of the genetic structure and fitness of open populations. 1) Dispersive behavior in the pure and the mixed condition As pointed out in the previous papers (Narise 1966 (Narise , 1968 (Narise , 1969 , the dispersive behavior of Drosophila is quite different in the pure and the mixed condition. The In this experiment the same phenomenon was also observed. The dispersive activity of MS-1 strain was reduced by en bw, wa and se strains, whereas the activity was increased by ss and ssa. In the se strain the activity was generally accelerated by mixture.
On the other hand, cn bw strain reduced its activity when mixed with others except with we'. Although se and cn bw strains have about the same dispersive activity in pure condition, the former increased its activity, while the activity of the latter is reduced by mixture.
Furthermore, the two strains have comparatively higher dispersive activity in these six strains under the pure condition, while the A/B ratio is 0.83 and 1.83 respectively (see Table 3 ). This fact would suggest that in the mixed condition, a strain having higher dispersive activity in the pure condition is more influenced by co-existing ones than a strain possessing lower dispersive activity, although either an increasing or a reducing of the activity in the mixed condition is determined by the interaction between genotypes. From the experimental results it is suggested that a strain such as se has more chances to leave its off springs in open populations because of frequent dispersion in comparison with a strain like cn bw as found in the experiment using vestigial and wild flies of D. melanogaster (Narise 1968) . Furthermore, a strain having a high dispersive activity in the pure condition does not always show the high activity in the mixed condition.
2) The relation between dispersive activity and fitness
As shown in Table 6 , three correlation coefficients out of eighteen are statistically significant.
Therefore, it can be said that in general, dispersive activity is considerably related with fitness.
A/B ratio and the number of eggs layed was negatively correlated, suggesting that dispersive behavior of a strain possessing lower reproductivity is easily affected by other strains, as A/B ratio measures to what extent the dispersive activity of a strain in the mixed condition is influenced by other strains in comparison with that in the pure condition.
In the case of an increase such as se and wa strains, less fit flies disperse frequently to seek places of oviposition or are driven away from the population suggesting the existence of the strain in an open population.
However, in the case of a decrease found in en bw strain it may be that the less fit strain is eliminated rapidly by more reproductive flies even in an open population. The dispersive activity in the pure condition is also correlated with the duration of egg laying. In the pure condition it is considered that the duration of laying egg is positively related with the total number of eggs layed. If so, dispersive activity in a genetically homogeneous condition is dependent on the reproductivity of a strain. On the other hand, the activity in the mixed condition is correlated negatively with percentage of emerged flies. As shown in previous paper (Narise 1968 (Narise , 1969 ) the activity of vestigial flies accelerated by wild one. Usually, the percentage of emerged flies of the former is lower than that of the latter.
Therefore, it is obvious that there is the negative relation between dispersive activity in mixed condition and fitness.
This fact would suggest that the number of flies of each strain comprising the population is a factor affecting dispersive behavior of each strain.
So far as this experiment is concerened, it can be said in general that there is a relation between fitness and dispersive behavior. However, many factors affect dispersion, for example environmental conditions, the genetic make-up of populations, density, and so on. Narise and Narise (1968) also found that the substance(s) secreted from flies influenced the dispersion of other strain.
Dispersive behavior is a complex character, which is controlled by many factors whose interaction must be fully studied.
SUMMARY
An experiment was conducted to find the relation between dispersive behavior and fitness using six strains of D. melanogaster.
The dispersive behavior of a strain is quite different in the pure and the mixed condition. Both accelerations and diminutions of dispersive activity were detected.
The activity of se strain was stimulated by other strains used, while cn bw strain reduced its activity except in the case of mixture with wa.
The dispersive activity is negatively correlated with fitness so that the usual conjecture that less fit flies may be those "forced" to migrate seems to hold. 
